We have previously reported (1) that triose phosphates must be produced from glucose and gluconate via operation of the Entner-Doudoroff pathway to generate alginic acid, which is a polymer of selectively acetylated D-mannuronic and L-guluronic acids (5). We could not, however, conclude whether it is triose phosphates, fructose 1,6-bisphosphate (FDP), or fructose 6-phosphate (F6P) that is the true alginate precursor in the absence of a FDP aldolase-negative mutant. We also were unable to detect phosphomannose isomerase (PMI) activity in mucoid or nonmucoid Pseudomonas aeruginosa strains as assayed by conversion of mannose 6-phosphate to F6P (1) . Since such activity is essential for a proposed pathway of alginate synthesis which involves F6P, mannose 6-phosphate, mannose 1-phosphate, guanosine diphosphoomannose, and guanosine diphosphomannuronic acid as intermediates (8, 9) , the undetectable level of PMI activity in the cystic fibrosis isolate of P. aeruginosa was intriguing. In the accompanying paper (4), we have reported that a cloned gene specifying PMI activity from Escherichia coli will complement alginate-negative (Alg-) mutants of a stable alginate-producing strain of P. aeruginosa (3) . Since the 1.5-kilobase-pair E. coli gene specifies a single polypeptide in the E. coli maxicell system and complements known E. coli PMI mutants, it is clear that the Alg-mutant of P. aeruginosa, which is complemented by this cloned gene, is deficient in PMI activity. Introduction of the cloned gene allows the Alg-mutants to become Alg+, suggesting the essential role of PMI in alginate synthesis. Such roles of FDP aldolase and PMI suggest the conversion of glucose or gluconate to triose phosphates via the Entner-Doudoroff pathway (6) (Table 1) . However, the other glycolytic enzyme activities were present in amounts com-parable to those in the wild-type strain FRD1 (Table 1) . Spontaneous reversion of ALDM on gluconate plates led to the appearance of revertants that had regained FDP aldolase activity and produced the wild-type level of alginate from glucose. This suggested that the mutation had affected a single locus determining FDP aldolase activity. The defect in FDP aldolase enzyme activity is associated with the accumulation inside the cells of high levels of triose phosphates from gluconate ( Fig. 1) . Under identical conditions, small amounts of triose phosphates and also FDP accumulate in the wild-type cells from gluconate.
To test whether FDP aldolase activity was essential for the synthesis of alginic acid from hexoses and gluconeogenic precursors, buffered cell suspensions of the mutant ALDM were incubated with various substrates, and the alginic acid in the culture filtrate was estimated (Fig. 2) . Whereas the wild-type strain synthesized alginic acid from all the substrates studied, the aldolase-negative mutant failed to produce the polysaccharide from gluconate and all other gluconeogenic compounds, but continued to synthesize it from fructose, mannitol, and, to some extent, glucose. The synthesis from fructose was the most extensive, mannitol being a close second, whereas from glucose the synthesis was very little, although measurable. The synthesis of alginate only from fructose, mannitol, and glucose and the failure of all the gluconeogenic precursors to support synthesis in the aldolase mutant indicate that FDP or F6P, rather than the triose phosphates, is the precursor of alginate.
Although F6P is on the catabolic pathway of fructose and mannitol utilization by P. aeruginosa, it may be derived directly from glucose via glucokinase and phosphoglucose isomerase reaction (6) . However, Lynn and Sokatch (7) have recently reported a preferential incorporation in alginate of isotope from [6-14C] 
